INTRODUCTION AND BACKGROUND

1
The demand to deliver highway design and construction in less time under limited budgets has 2 resulted in governments adopting alternative methods of contracting and delivering highway 3 projects. Currently, highway agencies often use three fundamental project delivery methods: 4 design-bid-build (DBB), design-build (DB), and construction manager/general contractor 5 (CM/GC). Although federal, state, and local agencies are familiar with DBB and have a breadth 6 of expertise and staffing to execute this delivery method, DBB can present challenges to 7 important project objectives, such as meeting a short project delivery date. The Federal Highway 8 Administration's (FHWA) Every Day Counts initiative notes that DBB highway projects can 9 take up to 13 years to deliver (1) . The FHWA cites the separation of design and construction 10 processes as a barrier along with the potential for claims and disputes.
11
Research shows that DB and CM/GC reduce time and costs on highway projects. A and CM/GC, to accelerate technology and innovation deployment and deliver timely 23 transportation projects to the public.
24
While there is an increasing trend to use alternative delivery methods in highway 25 projects, the DB and CM/GC delivery methods are relatively new to the industry. For example, 26 the FHWA still considers CM/GC to be experimental and state DOTs must request FHWA 27 approval to use this delivery method when using Federal funds. A recent NCHRP study,
28
Construction Manager-at-Risk Project Delivery for Highway Programs, found that only three 29 states have experience delivering projects with CM/GC (3) . Similarly, less than half of the state
30
DOTs have experience using DB for their highway projects on more than 10 projects although 31 the FHWA provides a framework of Federal rules for DB projects. 
RESEARCH MOTIVATION
34
The selection of an appropriate delivery method is a complex decision process. The decision 35 should be made in the project scoping phase and certainly before the final design phase begins. challenges for each delivery method were included in the selection matrix for further testing.
21
To validate the result of the first workshop, the second workshop was conducted to 22 discuss the updated information for the project delivery selection factors three month later p.
23
The majority of participants in this workshop also participated in the first workshop. The result 
29
The eight selection factors were classified into two groups: primary and secondary 
Development of Project Delivery Selection Matrix
21
The philosophy of the delivery selection matrix approach is simple and rational, but 22 comprehensive and objective in that it reflects the practices and the viewpoints of stakeholders. analyze all three stages more rigorously.
The risk identification and assessment process plays a pivotal role in the approach. In 22 fact, all steps in Stages 2 and 3 involve risk assessments associated with each delivery method.
23
A recent SHRP2 study, Project R09, "Guide for the process of managing rapid renewal projects," 
33
The team evaluated the delivery schedule factor across the three project delivery 34 methods. For the traditional DBB method, it was determined that the linear DBB process of the project to complete the fill design. Additionally, it should be noted that if the agency and the CM/GC cannot agree upon a guaranteed maximum price (GMP), the owner can revert to a DBB 1 delivery. However, in this case study only DB and CM/GC delivery methods were considered in 2 the remaining evaluation factors.
3
The results of the schedule factor evaluation indicated that DB provided more 4 opportunities than challenges. This is because portions of the DB request for proposal can begin 5 before the ROD is completed, and DB allows construction to begin before design is 100% 6 complete (9). CM/GC could provide similar overlapping of design and construction with the use 7 of phasing of the project (3). However, CM/GC would not allow construction procurement to 8 begin before the ROD is complete, and CDOT and the contractor would have to establish a 9 GMP, which often takes substantial completion of design. Although CM/GC allows the delivery 10 to default to a conventional DBB process if the GMP cannot be resolved, the aggressive schedule the technical requirements to the design-builder for MOT.
17
In evaluating CM/GC, the team identified that the opportunities included the option to the GMP has to be resolved to include any innovative ideas, and it has to be completed in time to 23 meet the scheduling constraints of the project (3).
24
For those reasons, DB and CM/GC both received the rating of appropriate delivery 25 method (+). Therefore, the project complexity and innovation factor was not a distinguishing 26 factor for the Ilex bridge project delivery selection. until after the ROD is complete, and the design-builder cannot be selected until this decision.
35
The workshop team then evaluated CM/GC in terms of level of design. The team 36 agreed that CDOT has the opportunity to develop preliminary ideas and criteria prior to the 37 completion of the ROD. This would allow procurement to begin as soon as the ROD is received.
38
However, once the CM/GC firm is chosen and the design stage begins, the design is developed in a traditional iterative process, which may increase the overall schedule of the Ilex project. As level of design and related issues than CM/GC. As a result, DB received a rating of most 6 appropriate (++) while CM/GC received a rating of appropriate (+). CM/GC could be a 7 potential delivery method, but DB ranked higher. Essentially, DB had fewer challenges and 8 more opportunities than CM/GC for level of design.
10
Initial Risk Assessment: Because highway design and construction projects can be very 11 complex due to risk and uncertainty, risk assessment and management is critical to improve 12 project performance and be able to make defensible and efficient project decisions (5). The This process resulted in a list of the most critical risks and the approach to manage them within 25 the DB delivery method. 
Risk Approach
Hazardous Materials: There is a high potential for hazardous waste contamination, however the specific nature and extent of the required mitigation is unknown.
Advance investigations will be performed prior to the procurement process to better characterize the conditions. Then, through a force account format, CDOT will accept cost risks and the design-builder will be allocated schedule risk.
Water Quality: Technical requirements are currently evolving with multi-jurisdictional differences creating design-builder risk.
CDOT will accept the risk through developing a default design that the design-builder can rely upon. Then, the design-builder can accept risk and propose a more cost efficient system through the Alternative Technical Concept (ATC) process, if desired.
Utilities: Risk of unforeseen utilities conflicts exist; typical conditions for transportation projects.
CDOT will pursue advanced utilities investigations and agreements with utility agencies to minimize and allocate risks properly.
Railroad: Railroad coordination and agreements are required to construct bridge over the railroad.
CDOT is in the best position to manage the railroad risk and will initiate railroad coordination and pursue development of railroad agreements.
Right of Way Acquisition:
This risk will be time consuming, and may create schedule risk.
CDOT will commence right of way acquisition immediately, well in advance of DB procurement. This risk is best managed by CDOT.
Third Party Design Approvals:
The City of Pueblo design approvals will be necessary, with separate standards and processes, creating design-builder design risks.
CDOT will work with the City of Pueblo to define project design standards, review processes, and review times that the designbuilder will be allowed to rely on.
1
Based on the risk assessments, the project team believed that DB would allow all specific 2 project risks to be properly managed and allocated to the proper party. From past experience,
3
CDOT has worked through similar risks in previous DB contracts and believed that the risk 4 allocation could be accomplished equitably and cost effectively for both CDOT and the design- builder. This result allowed the team to skip performing a risk assessment of CM/GC and to 6 move on to Stage 3 of the selection approach. and control for this particular project. The team had prior experience with over-the-shoulder DB 6 design reviews and DB quality control/quality assurance processes. Thus, DB and level of 7 oversight and control received a "PASS".
9
Competition and Contractor Experience: DB passed the competition and contractor 10 experience with the knowledge that the market would allow for high competition. The prior DB 11 experience of CDOT means the agency knows DB firms that have experience with DB and 12 highway projects.
13 Table 2 summarizes the results of the evaluation factors for DBB, DB, and CM/GC. The 14 ratings for each method are described in the previous paragraphs. optimal delivery method for highway projects.
15
27
In addition, the proposed framework only addresses selection of the project delivery 
ACKNOWLEDGEMENT
35
The authors thank the 27 participating members in the workshops and the numerous CDOT, 
